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Muller-Karger et al. 2018, Ecol. Appl. 28: 749-760 

Phytoplankton Food Quality Index

PFTs to Identify HABs



Optically similar genera are functionally different 
(toxic vs. non-toxic, type of toxins, etc)

Aphanizomenon flos-aquae Microcystis spp.



Predicting Toxic Blooms

Kudela et al. 2015, Remote Sens. Env.



Scaling to Regional Analyses

https://cchab.sfei.org/



Scaling to Regional Analyses

https://cchab.sfei.org/

Threshold for concern

Above threshold for all 
of 2017 (and 2018)

30-day window, 
June 2, 2017



Lake Elsinore CA, June 2, 2017
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Lake Elsinore CA, June 28, 2017

NASA SARP DC-10
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Zhang et al. Environmental Health (2015) 14:41 DOI 
10.1186/s12940-015-0026-7

MERIS-based Risk Map of non-alcoholic liver disease 
In the US, if the bloom coverage per county increases by 1%, the estimated number 
of deaths per year will increase by about 440
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Phytoplankton Food Quality Index
PHYDOTax (PFT algorithm)

• Each PFT assigned a nutritional value
• Values based on evolutionary traits
• Good correspondence between microscopy, 
HPLC, and PHYDOTax for PFTs



RED: Dinoflagellate

GREEN: Chlorophyte

BLUE: Cyanobacteria

Tyler Dawson
Sherry Palacios
HyspIRI Data

San Francisco Bay Salt Ponds: 2013
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Sherry Palacios
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San Francisco Bay Salt Ponds: 2014



RED: Dinoflagellate
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San Francisco Bay Salt Ponds: 2015



RED: Dinoflagellate

GREEN: Chlorophyte

BLUE: Cyanobacteria

Tyler Dawson
Sherry Palacios
HyspIRI Data

San Francisco Bay Salt Ponds: 2016



RED: Dinoflagellate

GREEN: Cyanos

BLUE: Chlorophyte

San Pablo Bay, 2015 



AVIRIS & Microscopy Track the Drought
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HyspIRI 2016: R=Dinoflagellate, 
G=Cyano, B=Cryptophyte



Calibration/Validation Requires Measurements at Appropriate Scales!
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Science Objectives Scientific Measurement Requirements Instrument Functional 
Requirements C-SHARP Projected Performance Logistic/Project Requirements

O1: High-resolution spectra 
obtained by remote sensing 
will be used to identify 
Phytoplankton Functional 
Types (PFTs), or groups, 
which allows us to determine 
food quality.
• H1a: Food Quality will increase 
in San Francisco Bay in 
response to changes in nutrient 
load and composition.
• H1b: Food Quality will vary in 
the immediate vicinity of POTW 
discharge (sources of nutrient 
pollution).
• H1c: PFTs and Food Quality 
will respond directly to seasonal 
and interannual forcing, with 
responses dependent on the 
specific site and forcing.

O2: High spatial resolution 
remote sensing data will 
be used to map the spatial 
extent and “health” (as 
chlorophyll:carbon ratio) 
of bull and giant kelp, the 
dominant foundation species 
in Eastern Boundary Currents
• H2a: Kelp canopy area 
and health are indicative of 
ecosystem decline (recovery), 
and more useful than annual 
aerial maps; these metrics 
correlate with environmental 
drivers 
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Signal: Multispectral classification analysis 
discriminates PFT’s and kelp species based on 
water leaving reflectance spectra
• Multispectral imagery from aircraft at 20-1000m 
spatial resolution, bands to match legacy and 
next generation orbital sensors
• Total sea surface radiance (Lt) and nadir sea 
surface radiance (Ln) at aircraft, bands to match 
legacy and next generation orbital sensors, high 
dynamic range

Imaging spectrometer: 380-
800nm at 10 nm resolution, Signal 
to Noise Ratio (SNR) 200:1 at 400 
nm, typical offshore ocean water 
target, 30-60° Field of View (FOV), 
50m ground sampling resolution 
(GSR)

PRISM Imaging Spectrometer: 350-1050nm 
@ 3.5nm FWHM, FOV: 30.7°, SNR: 
500:1 for single integration, SNR: 2000:1 @ 
450nm with multiple integrations, GSR: 3m@ 
3658m MSL, <1% polarization sensitivity 
(demonstrated in Monterey 2012)

General
• Mesoscale satellite retrievals from 
existing/planned satellites
• Time-series from existing observa-
tion systems 

Field Deployments
• ≤14-day deployments, 2-3 sea-
sons, at least 2 years 
• Research vessel(s) with berthing 
and sea worthiness for offshore 
sampling; sea state <5, <3 preferred
• Autonomous vehicle deployment 
at targeted sites for far-field end-
members
• Airborne transects including (1) 
long-range (10s km) surface map-
ping; (2) low- (LSA) and high-altitude 
profiles for atmospheric correction
• Fixed location sun photometry
• Sample multiple targets within a 
flight window

Airborne Requirements
• Clear skies (<25% cloud cover)
• Synchronized data acquisition: 
imaging spectrometer, radiometers, 
sun photometry, ancillary data
• Sun elevation 25-50° (spectrom-
eter) and 25-65° (radiometers)
• Flight lines @ LSA and 10,000’
• Coordination with satellite over-
passes and in situ observations

Sampling Requirements
• In situ sampling of relevant optical, 
biogeochemical parameters
• In situ sampling of IOPs, AOPs, 
biogeochemical data ±30 minutes of 
airborne imaging 
• In situ sampling of kelp CHL:C for 
each site

Synthesis
• Data/models to characterize key 
physical and biogeochemical proper-
ties at seasonal and interannual time 
scales
• Central data archive; transfer to 
relevant repositories (OB.DAAC)
• Extrapolation from C-SHARP to 
other airborne/satellite platforms
• Publication/documentation of 
results
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Noise: Significant correction required for atm., 
ocean surface, and water column scattering/
absorb
• Atmospheric measurements coincident with 
airborne data for atmospheric correction (aerosol 
optical depth, column water vapor, total column 
ozone, aerosol size spectra)

Airborne Sun-Sky Spectrometer:  
380-1640nm range at 10 nm 
resolution (aerosols), 3 nm (gas-
ses), SNR 105, <3° FOV, with 
hemispherical sun tracking and 
sky scanning

4STAR Tracking Sun/Sky Spectrometer: 
350-1700nm @2-10 nm FWHM, 1.3-2° FOV, 
105 dynamic range, <2% radiometric uncer-
tainty (demonstrated in SEA4CRS)
C-OSPREy Field Sky-Scanning Radiom-
eter: same as C-AIR except 305-1640nm, 
3-axis polarizer, sun tracking, thermally stabi-
lized; microradiometers match C-AIR/C-AERO

Hi
gh

 D
yn

am
ic

 R
an

ge
 

Sp
ec

tra
l D

at
a

Signal: Very high dynamic range and linearity 
required to retrieve signal from noise
• Solar irradiance (Es) at aircraft, bands to match 
legacy and next generation orbital sensors, high 
dynamic range
• Sky radiance (Li) at aircraft, bands to match 
legacy and next generation orbital sensors

Precision Bandpass Radiom-
eters: match key legacy, existing, 
and planned ocean color instru-
ment bands, 10 nm resolution, 
SNR, ≥1000:1, ~2-3° FOV, ca-
pable of operating at Lowest Safe 
Altitude, 10 Hz minimum achieve 
50m GSR Es, Li, Lt and Ln

C-AIR: 320-1020nm @10nm FWHM 
with 1245nm @15 nm,1640nm @ 30nm, 
Dynamic Range 1010, FOV: 2.5°, Uncertainty 
≤3.5%, sampling @ 15 Hz (demonstrated in 
COAST,OCEANIA, C-HARRIER); Ln

C-AERO: same as C-AIR but with stray light 
shroud; thermal stabilization; sampling @ 25 
Hz (demonstrated in C-HARRIER); Es, Li, Lt
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• In-water measurements of pigments, phyto-
plankton, & water-leaving radiances
• In-water measurements of inherent optical 
properties (IOPs;  absorption; scattering; 
backscatter ratio) to model remote sensing re-
flectance, with <25% variance between modeled 
and measured values
• In-water measurements of apparent optical 
properties (AOPs; downward irradiance; upwell-
ing radiance) at 10 cm (highly turbid/productive 
water) to 1 m vertical resolution (homogenous 
water column, coastal to offshore) from 380-800 
nm

In-water bandpass radiometers:  
in-water measurements to con-
strain atmospheric correction and 
imaging spectrometer
• In-water measurement of 6 
PFTs by microscopy or pigment 
analysis, to within 20% error
• Standard optical and water 
sampling at reference stations

C-OPS w/C-PrOPS: same as C-AIR 
except 313-875nm and FOV: 6.4° , 10cm 
vertical resolution (demonstrated in COAST, 
OCEANIA, C-HARRIER, MODIS, ACE, & 
GEO-CAPE)
C-PHIRE (delpoyed from SV3): same as 
C-AIR except 305-900 nm, <1-10 nm, 105-1010 
dynamic range, FOV 6.7°
WETLabs/HOBILabs IOP Package: 400-750 
nm, <10% error in modeled water leaving radi-
ance (using Hydrolight) compared to C-OPS 
(demonstrated in HyspIRI, C-HARRIER)
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Experimental Design
• Study sites encompass critical environmental 
gradients in nutrients, water quality, and physical 
forcing (e.g. upwelling, salinity, temperature, 
particle load, water clarity)
• Extrapolation in space/time from validation 
sites to region using in-water, airborne, and 
satellite observations, and modeled spectra
• All measurements at local/regional, & multi-
year event/ seasonal/ inter-annual scales

Functional Requirements
• Airborne observations at Lowest 
Safe Altitude (LSA) with matching 
in-water measurements for calibra-
tion/validation and atmospheric 
correction
• Field/airborne transects along 
axis of variability with a spatial 
scale of ~750 km: inland/onshore/
offshore, latitudinal, seasonal

Algal Biomass 
is routinely 

limited to bulk 
pigments

PFTs 
(PHYDOTax), 

FQI, Physiology 
provides more 

useful 
information

50m GSD
380-800 nm @10nm

Dedicated Atmos. Corr.
Return rate of ~5-15 d

Robust cal/val program
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